The 16SrXIII group from phytoplasma bacteria were identified in salivary glands from Homalodisca liturata, which were collected in El Comit an on the Baja California peninsula in Mexico. We were able to positively identify 15 16S rRNA gene sequences with the corresponding signature sequence of 'Candidatus Phytoplasma' (CAAGAYBATKATGTKTAGCYGGDCT) and in silico restriction fragment length polymorphism (RFLP) profiles (F value estimations) coupled with a phylogenetic analysis to confirm their relatedness to 'Candidatus Phytoplasma hispanicum', which in turn belongs to the 16SrXIII group. A restriction analysis was carried out with AluI and EcoRI to confirm that the five sequences belongs to subgroup D. The rest of the sequences did not exhibit any known RFLP profile related to a subgroup reported in the 16SrXIII group.
Phytoplasmas are wall-less, non-cultivated and derived from Gram-positive bacteria, belonging to the bacterial class Mollicutes. They are obligate parasites, with the biological ability to parasitize plant vascular tissues causing more than 100 yellows-type diseases in commercial crops worldwide [1] [2] [3] . Several new species and/or strains of phytoplasmas associated with plant diseases and insect vectors have been identified by using molecular biology-based tools [4, 5] . To date, over 42 'Candidatus Phytoplasma' species have been described and classified into groups and subgroups by the specific electrophoretic profiles of their 16S rRNA gene segment [6, 7] . In recent years, strains of phytoplasmas have increased and delimited into new groups and/or subgroups, so additional criteria have been necessary for correct delimitation [7] . In addition, the identification and classification of phytoplasmas in Latin America has confirmed an unexpected diversity in addition to acquiring knowledge about their dispersion of new emerging diseases associated with crops [8] . Recently, 'Candidatus Phytoplasma hispanicum' was accepted as a novel taxon and assigned to the 16SrXIII group [9] . This group comprises eight subgroups (from -A to -H), all detected in different crop plants throughout Latin America and in some regions of the USA [8, [10] [11] [12] [13] [14] [15] . Phytoplasmas belonging to the 16SrXIII group have been detected in Mexico [9, 13, 16] . One of the emerging diseases related to this group is the Mexican periwinkle virescence (MPV) phytoplasma collected from plants of Catharanthus roseus (periwinkle) in Yucat an, Mexico. This strain was the first phytoplasma classified in the 16SrXIII group and later was found to cause phyllody and virescence symptoms in strawberry in Michoac an [16] . The phytoplasma affiliated with subgroup 16SrXIII-D was denominated as a strain of the Mexican potato purple top (MPPT-SINPV), such as was detected as the causal agent of the zebra chip-like disease in potato in Northwest Mexico (Sinaloa) together with representatives of the 16SrI and 16SrII groups [13] . In addition, in Mexico the 16SrXIII-(A/I) I phytoplasma group has also been associated with several diseases, such as the strawberry green petal (SbGP) disease, in strawberry, and Mexican periwinkle virescence disease, in periwinkle plants; that disease characterization was the first study of sequence heterogeneity in the 16SrXIII phytoplasma group, indicating the great diversity within this group [17] . In the Baja California peninsula, due to its relative geographical isolation, it is an interesting area for studying the diversity of phytoplasmas and the hosts that might be involved with diseases. The great diversity of plants in the region, such as plum tree (Cyrtocarpa edulis) and gandul bean (Cajanus cajan), can serve as reservoirs of insects, while the occurrence of phytoplasma has already been registered [18, 19] . High populations of sharpshooters (Homalodisca liturata Ball) have been reported during March and April in C. edulis and C. cajan plants over the last decade in the Baja California peninsula. Both plants display typical symptoms of yellowstype disease. Moreover, those plants have been reported as hosts of H. liturata; which is an insect native to California, a member of the Cicadellidae family, with polyphagous feeding behaviour and considered extremely mobile with the capacity to disperse over large distances. It has also been reported that other Homalodisca species are transmitters of the bacterium Xylella fastidiosa, causing Pierce's disease in Vitis vinifera [20, 21] . The detection of phytoplasmas in insects is very important, although this fact does not necessarily imply that the insect is a vector, but there us evidence that even in non-vector insects the phytoplasmas can multiply in the haemolymph and in the salivary glands could be participating in the processes of infection by acting as a reservoir [22, 23] .
In this work we detected and identified a phytoplasma, that according to current taxonomy, belongs to the 16SrXIII group from salivary glands of H. liturata that were collected from symptomatic plum tree and gandul bean in the Baja California Peninsula in Mexico. 21¢ W), in the Baja California Peninsula in Mexico. Insect samples were stored in 70 % ethanol (v/v) for further analysis. The references keys described by Burks and Redak were used for identification of the specimens [24] . Twenty-four adult insects were employed for the extraction of nucleic acids. The salivary glands of every three collected insects of the same origin were dissected and pooled, which represents a sample (eight total samples). Total DNA was extracted according to the procedure described by [25] with slight modifications.
Phytoplasma detection was achieved by nested-PCR assays [26] . For the first round, to amplify the region that included the 16S rRNA gene, the 16S-23S interspace region and the 5¢-end of the 23S rRNA gene, the primer pairs P1 and P7 were used. For the second round, the primers R16F2n and R16R2 were used [6, 27] . The previously characterized DNA phytoplasma (AF200718.1) representative of the 16SrII groups was used as the positive control [13] . Of the evaluated eight samples, three were positive for phytoplasmas: one sample from insects collected from C. edulis (HL-CE) and two samples from insects collected from C. cajan (HL-CC). The PCR products positive for phytoplasmas were digested with restriction enzymes AluI and EcoRI (NEB). DNA from a phytoplasma (FJ914647) that had been previously characterized were used as the positive control [13] . Results from comparative analysis of restriction fragment length polymorphisms (RFLP) patterns with AluI yielded two different banding patters from those expected for phytoplasmas belonging to group 16SrXIII; the amplicon of HL-CE digested with AluI yielded a characteristic profile banding pattern corresponding to subgroup 16SrXIII-D. Nonetheless, the amplicons of HL-CC (HL-CC23 and HL-CC24) presented a dissimilar profile banding pattern than expected and, in turn, corresponded to several subgroups 16SrXIII (C, G and H). Also, the banding pattern generated by EcoRI in the amplicon HL-CC24 was also atypical to those reported to date (Fig. 1) . The resulting amplicons of the three positive PCR samples, from the collected insects, were purified using the Geneclean III kit (MP Biomedicals) according to manufacturer's instructions, and then ligated into the pGEM-T Easy Vector System (Promega). Competent cells of Escherichia coli DH5-a were transformed with the resulting constructions.
The characteristics of the universal primers used in this study (R16F2n/R16 R2) allowed us to detect the whole spectra of phytoplasmas [28] due to evidence previously found by taking several colonies from the same PCR origin and then cloning for sequencing [29] . Ten resulting colonies from cloned amplicons from HL-CE and five from HL-CC were selected and the 15 resulting colonies were processed to isolate plasmid DNA. To eliminate sequencing errors, the sequences were sequenced twice and by both extremes (5¢ and 3¢). The sequences were aligned more than twice for consensus analysis, to finally obtain a total of 15 sequences. The cloned sequences obtained for H. liturata (HL) collected from C. edulis (CE) plants were designated as HL-CE and the cloned sequences collected from C. cajan (CC) plants were designated as HL-CC. Clones with the highest identity to the phytoplasma reference sequences were deposited in the GenBank (www.ncbi.nlm.nih.gov/genbank) database. For the purposes of analyses, of the total samples collected, we only show the sequences of ten clones for HL-CE (HL-CE1, HL-CE2, HL-CE4, HL-CE5, HL-CE5-1, HL-CE5-2, HL-CE5-25, HL-CE6, HL-CE7, HL-CE8) and five clones for HL-CC (HL-CC23-1, HL-CC23-2, HL-CC23-21, HL-CC24-1, HL-CC24-2). The 16S rRNA gene sequences were analysed by pairwise alignment comparisons giving a nucleotide identity ranging from 98.1 to 99.1 % with 'Ca. Phytoplasma hispanicum' taxa (Table 1) . Additionally, the analysed sequences were found to have the conserved signature sequence CAAGAYBATKATGTKTAGCYGGDCT of 'Candidatus Phytoplasma' [4] .
The 16S rRNA resulting sequences (ten HL-CE clones and five HL-CC clones) were analysed in silico by restriction fragment length polymorphisms (RFLP) assays with the iPhyClassifier online program (https://plantpathology.ba. ars.usda.gov/cgi-bin/resource/iphyclassifier.cgi). Seventeen distinct restriction enzymes were used for a first characterization approach [30, 31] . For a second characterization to determine specific RFLP patterns of the 16S rRNA gene, the restriction enzymes AluI, EcoRI, HinfI and DraI were used. For the calculation of the similarity coefficient (F) and for the location in the corresponding group and subgroup, each cloned sequence was compared by pairwise alignment with phytoplasma reference sequences (AF248960.1, U96614.1, AF495882, FJ914647.1, JX893519, KJ921641, DQ444264.1 and JX626329). The F values derived from analysis of virtual RFLP patterns of 16S rRNA genes from representative strains revealed that the three sequences (HL-CE5, 5-2 and 6) of H. liturata with F=1 corresponded to subgroup 16SrXIII-D (Fig. 2) . HL-CE8 and HL-CE5-1 with F=0.98 was considered as a subgroup variant of 16SrXIII-D. The remaining sequences did not exhibit any typical RFLP profile in all 17 enzymes with any related subgroup reported in the 16SrXIII group (Fig. 3) . In the RFLP analysis with the sequences with F values of 0.94 and 0.97 shows a high similarity to the 16SrXIII-D group, except for AluI. Samples with F=0.87 are the most similar to the reference pattern of the 16SrXIII-B, although they showed atypical patterns with EcoRI and HinfI (Figs 2 and 3) . The 16S rRNA gene restriction patterns generated by AluI, EcoRI and, in turn, with HifI and DraI showed atypical profile patterns corroborating the F value estimations (Fig. 4) .
Altogether, these results coupled with those obtained from the composite profile patterns derived from restriction assays and our results indicated that the sequences were assigned in different subgroups (D, B, I) in the 16SrXIII group. Sequence alignments were performed to determine the phylogenetic relationships among the phytoplasma reported groups and subgroups. The phylogenetic analysis was performed by using CLUSTAL_W followed by the maximum-likelihood method coupled with Kimura's twoparameter model, with bootstrapping of 1500 replicates for statistical support of lengths of evolutionary branches, employing the Molecular Evolutionary Genetic Analysis software package version 7 (MEGA7) [32] . The resulting phylogenetic tree strongly supported that clones HL-CE5, 5-1, 5-2, 6 and 8 belong to the 16SrXIII group and also grouped with the subgroup D (Fig. 5) . Clones HL-CE1, HL-CE4, HL-CC24-1 and 24-2 were grouped in the same subclade, while clones HL-CE7 and HL-CC23-21 were grouped in another subclade. Clones HL-CE2, HL-CE5-25, HL-CC23-1 and HL-CC23-2 were grouped in a new subclade represented by a new subgroup 16SXIII-I (KU896181). The fifteen sequences form a monophyletic group together with subgroup 16SrXIII-D and 16SXIII-I. In turn, all together forming a clade paraphyletic with the 16SrXIII-B phytoplasma (U96614.1), and those supporting that there is a strong phylogenetic relationship with 16SrXIII group. Phylogenetic analysis reinforced the previously identified subgroups, in this work, by RFLP analysis of the 16S rRNA gene.
With the fact that sharpshooters are not vectors of phytoplasmas [33] , but with the evidence that specific pathogens can multiply in the haemolymph and in the salivary glands of non-vector insects [22, 23] , we were able to detect and identify 'Ca. Phytoplasma hispanicum'-related strains in the salivary glands of insects. RFLP and phylogenetic analyses of the F2nR2 region of 16S rRNA of the phytoplasma isolated from H. liturata suggested the presence of mixed strains from the same group. Five sequences had a profile banding pattern identical to 16SrXIII-D (strain MPPT-SINPV) that has been associated with zebra chip-like disease in potato crops (FJ914647). Four sequences are closely related to 16SrXIII-I, and other strains that are closely related to 16SrXIII group, but different to 16SrXIII-D and -B subgroups, which could suggest a novel and uncharacterized subgroup of the 16SrXIII group. Recently it has been reported that the signature sequence of the 16SrXIII group represents a 16S rRNA gene sequence heterogeneity that it is a phenomenon associated with several phytoplasma strains [17] . For a certain phytoplasma strain to be reported to possess two rRNA operons (rrnA and rrnB) could directly affect enzyme restriction assays for the F2nR2 region of the 16S rRNA gene, which could lead into an erroneous 16S rRNA gene group assignment. Thus, for classification of a phytoplasma strain it is necessary to carry out 16S rRNA gene sequencing after separation of the rrn operon by cloning, it been shown by [34] that comparing the 16S rRNA gene sequences from both operons of 17 phytoplasma strains obtained two results: phytoplasma strains with virtually identical 16S rRNA gene RFLP profile banding patterns for both rrn operons, and strains with differences in their profile banding patterns. Both cases did not affect the group classification of those phytoplasma strains analysed. In this work the results from in vitro RFLP patterns from the 16S rRNA gene amplified with F2n/R2 did not present ribosomal interoperon sequence heterogeneity, as was observed for other phytoplasma strains [35] [36] [37] . However, we cannot rule out this possibility due to the recent evidences presented by P erez-López and Dumonceax [17] , adding the unlikelihood of a double infection with two related phytoplasma strains, we suggest that the 16SXIII-D is the phytoplasma detected in H. liturata which might have the heterogeneity phenomenon.
The specific ecology and geographical barriers are crucial factors that trigger the phytoplasma biological diversity giving rise to new subgroup detection, which in turn could be absent in other continents, such as is the case of the phytoplasmas of the 16SrXIII group restricted to the American continent and exhibits high genetic diversity [13, 15] . The 'Ca. P. hispanicum'-related strain is geographically distributed across Latin America [9, 17] causing several diseases in different commercial crops such as: (i) strawberry in Argentina, North America, and Mexico [10, 15, 16] , (ii) solanaceous crops, such as potato [13] and (iii) papaya in Brazil [14] . Recently has been reported that heterogeneous 16SrXIII-(A/I) I phytoplasma is associated with strawberry green petal (SbGP) disease and Mexican periwinkle virescence (MPV) disease, which affect strawberry and periwinkle, respectively, in Mexico [17] , being the first case of heterogeneity of the 16SrXIII group. On the other hand, within the Cicadellidae family, the genus Homalodisca members are transmitters of endogenous bacteria exclusively from xylem vessels and tracheids [38] and also within this family a great diversity of phytoplasma vectors have been reported [33] .
Finally, in this study we were able to find sequence similarities of our 15 sequences isolated to other phytoplasma sequences corresponding to 16SrXIII-D and 16SXIII-I subgroups, previously isolated from potato and strawberry plants that showed acute disease symptomatology in Mexico. The sequence identity scores estimations for the 15 sequences isolated in this study and those sequences previously described by other works from 'Ca. P. hispanicum'-related strains were around from 98 to 99 %; while ten sequences with similarity coefficient estimation values were from 0.87 to 0.97. These findings provide support to establish that the phytoplasma sequences found in H. liturata belong to a novel subgroup of phytoplasma. However, we cannot rule out the possibility that the heterogeneity phenomenon would have been acting over the 16SXIII-D subgroup [17] . We also suggest that plants from which H. liturata feed could serve as phytoplasma reservoirs favouring both dispersion and contributing to increasing the biodiversity of phytoplasma strains in the region of Baja California Sur.
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